In this paper, a newChirping Algorithm (CA) 
Introduction
The main objective of optimal reactive power dispatch (ORPD) problem is to minimize both the real power loss and bus voltage deviation. Various numerical methods like the gradient method [1] - [2] , Newton method [3] and linear programming [4] - [7] have been adopted to solve the optimal reactive power dispatch problem. Both the gradient and Newton methods have the complexity in managing inequality constraints. The problem of voltage stability and collapse play a vital role in power system planning and operation [8] . Evolutionary algorithms such as genetic algorithm have been already proposed to solve the reactive power flow problem [9] - [11] . In [12] , [13] , Hybrid differential evolution algorithm and Biogeography Based algorithm is projected to solve the reactive power dispatch problem. In [14] , [15] , an improved fuzzy based method and evolutionary programming is used to solve the optimal reactive power dispatch problem. In [16] , [17] , the optimal reactive power flow problem is solved by integrating a genetic algorithm with a nonlinear interior point method and pattern algorithm is used to solve ac-dc optimal reactive power flow model with the generator capability limits. In [18] , [19] a two-step approach and a programming based approach is used to solve the optimal reactive power dispatch problem. In [20] a probabilistic algorithm is utilized for optimal reactive power provision in hybrid electricity markets with uncertain loads. We propose new CA algorithm to enhance the search with good exploration and exploitation, because almost every algorithm suffer in some mode in reaching the optimal solution. Cricket is an insect which emit a peculiar sound that is commonly known as chirping. Though the male crickets usually chirp, some female crickets do as well [21] - [23] .Generally cricket chirps for two main things, first one when they want to mate then they emit a calling chirp and it is fairly loud and it will attracts female crickets. And second one, they chirp as violent behaviour which is called as aggressive chirp. This violent chirp is a very loud trill and is formed to fight with other male crickets. The proposed CA algorithm has been evaluated in standard IEEE 30, 57,118 bus test systems. The simulation results show that our proposed methodology outperforms all the entitled reported algorithms in minimization of real power loss.
Objective Function

Active power loss
The objective of the reactive power dispatch is to minimize the active power loss in the transmission network, which can be described as follows: 
Where g k is the conductance of branch between nodes i and j, Nbr is the total number of transmission lines in power systems. P d is the total active power demand, P gi is the generator active power of unit i, and P gsalck is the generator active power of slack bus.
Voltage profile improvement
For minimizing the voltage deviation in PQ buses, the objective function becomes:
Where ω v : is a weighting factor of voltage deviation. VD is the voltage deviation given by:
Equality Constraint
The equality constraint of the ORPD problem is represented by the power balance equation, where the total power generation must cover the total power demand and the power losses:
This equation is solved by running Newton Raphson load flow method, by calculating the active power of slack bus to determine active power loss.
Inequality Constraints
The inequality constraints reflect the limits on components in the power system as well as the limits created to ensure system security. Upper and lower bounds on the active power of slack bus, and reactive power of generators: (6) , ∈
Upper and lower bounds on the bus voltage magnitudes:
Upper and lower bounds on the transformers tap ratios:
Upper and lower bounds on the compensators reactive powers:
Where N is the total number of buses, N T is the total number of Transformers; N c is the total number of shunt reactive compensators. 
Proposed Chirping Algorithm
Based on the chirping characteristics of crickets and their movement in space for mating and aggression the Chirping Algorithm (CA) is formulated to solve the reactive power problem. Each cricket is presumed to be a solution in the exploration space and is categorized by its position in the exploration space. Out of the total cricket population, few of them are arbitrarilynominated as female populations. Crickets are presumed to be in two conditions. At first when the male cricket chirps for mating, the female crickets are seduced and other male crickets move away. The male and female crickets will mate and produce offspring. They move to a new-fangled place, which means they are taken to improvedpositions in the exploration space. The fascination is based on the loudness of the chirping sound .From the chirping rate the frequency and velocity of the sound is calculated. Secondly, when the cricket chirps for antagonism other male crickets are enticed and female crickets will move away. All crickets may not be chirping for antagonism. The algorithm assumes that the probability of a cricket, chirping for antagonism is p which is between 0 and 1. When a cricket chirps for antagonism, it is assumed that they arbitrarily walk to another male cricket and fight. The persuasive cricket takes the place of the solution and eliminates the loser cricket.
Calculation of chirping rate
Amos Emerson Dolbear, an American physicist and naturalist, calculated the relationship between air temperature and the rate at which crickets chirp. The temperature (T f ) in degrees Fahrenheit from the number of chirps per minute (N c ) is calculated as, 50
And its reformulated to give the temperature in degrees Celsius (T c ), is given by,
10
The chirping rate can be calculated in a certain temperature T c or T f is given by , 10 * 7 40
Or 50 * 4 40
And the frequency F and velocity V of the cricket's chirping is calculated based on the chirping rate N c , * (15) *
Where, is anarbitrary value and ∈ 0,1 is the wavelength. The step size of each cricket is calculated as:
Where =0.01 is a constant value and position is the current position and Better position is the best position ever encountered by the cricket. Then the cricket will move to the new position by using the following formula: * The equations (11)- (19) are used when the crickets chirp for mating and they change their step size according to the chirping rate, frequency, velocity and distance at a certain temperature. For easiness, it is presumed that when the crickets chirp for antagonism they move to new position using arbitrary walk.
Procedure for -mating_chirp ( )
Begin for every cricket, 1. Compute the Chirping rate N c of each cricket based on the temperature using equation (13) or (14) 2. Compute the new frequency F and velocity V of each cricket using equation (15) and (16); 3. Compute the step size using equation (17), (18) 
Results and Discussion
At first CA algorithm has been verified in IEEE 30-bus, 41 branch system. It has 6 generator-bus voltage magnitudes, 4 transformer-tap settings, and 2 bus shunt reactive compensators. Bus 1 is slack bus and 2, 5, 8, 11 and 13 are taken as PV generator buses and the rest are PQ load buses. Control variables limits are listed in Table 1 . The power limits generators buses are represented in Table 2 . Generators buses (PV) 2,5,8,11,13 and slack bus is 1. Table 3 shows the proposed approach succeeds in keeping the control variables within limits. Table 4 summarizes the results of the optimal solution obtained by various methods. Secondly the proposed hybrid CA algorithm is tested in standard IEEE-57 bus power system. The reactive power compensation buses are 18, 25 and 53. Bus 2, 3, 6, 8, 9 and 12 are PV buses and bus 1 is selected as slack-bus. The system variable limits are given in Table 5 .
The preliminary conditions for the IEEE-57 bus power system are given as follows: Table 6 shows the various system control variables i.e. generator bus voltages, shunt capacitances and transformer tap settings obtained after CA based optimization which are within the acceptable limits. In Table 7 , shows the comparison of optimum results obtained from proposed CA with other optimization techniques. These results indicate the robustness of proposed CA approach for providing better optimal solution in case of IEEE-57 bus system. Then CA has been tested in standard IEEE 118-bus test system [24] .The system has 54 generator buses, 64 load buses, 186 branches and 9 of them are with the tap setting transformers. The limits of voltage on generator buses are 0.95,-1.1 per-unit., and on load buses are 0.95,-1.05 per-unit. The limit of transformer rate is 0.9,-1.1, with the changes step of 0.025. The limitations of reactive power source are listed in Table 8 , with the change in step of 0.01. In this case, the number of population is increased to 120 to explore the larger solution space. The total number of generation times is set to 200. The statistical comparison results of 50 trial runs have been list in Table 9 and the results clearly show the better performance of proposed algorithm. 
Conclusion
Chirping Algorithm has been successfully applied for Optimal Reactive Power dispatch problem.Chirping Algorithm based optimal reactive power problem has been tested in standard IEEE30, 57,118 bus systems. Performance comparisons with standard population-based algorithms have given inspiring results. Real power loss has been significantlyabridged and control variables are well within the limits.Chirping Algorithmarisesefficaciously to find good solutions when compared to that of other algorithms. The simulation results presented in preceding section prove the capability ofChirping Algorithm method to reach at near global optimal solution. 
